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(57) ABSTRACT 

It is enabled to provide that a light emitting device have an 
electron blocking layer (106) positioned between tunnel junc 
tions (107, 108) and an active layer (104). The electron block 
ing layer (106) has an energy of conduction band edge higher 
than that of the active layer (605), and is composed of a 
material containing substantially no aluminum. It suppresses 
leakage of electrons from an n-type layer through a p-layer to 
an n-type layer. It is also enabled to provide that a light 
emitting device is capable of preventing the electron blocking 
layer (106) from being oxidized in the process of manufac 
turing by using a layer containing no aluminum for the elec 
tron blocking layer (106). 

10 Claims, 12 Drawing Sheets 
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LIGHT EMITTING DEVICE 

TECHNICAL FIELD 

The present invention relates to a light emitting device used 
in the ?eld of optical communication and optical intercon 
nection, and in particular to a light emitting device having a 
tunnel junction structure. 

BACKGROUND ART 

Optical communication has Widely been put into practical 
use since a long time ago, particularly in the ?eld of long 
distance communication, due to its ability of transmission 
over long distance With large capacity. Semiconductor laser 
has generally been used as a light source of transmitter in 
optical communication. 

It is desirable to suppress electric resistance of the semi 
conductor laser, because it increase poWer consumption and 
heat generation. The heat degrades characteristics and life 
time of the device, and may even degrade speed of modula 
tion. In particular, VCSEL (Vertical Cavity Surface Emitting 
Laser), a kind of surface emitting laser, shoWs large resistivity 
due to its small areas of electrodes and active layer, and also 
shoWs large thermal resistivity. Therefore, in?uences of the 
heat generation become large, Which limit output and modu 
lation speed of the device. 
On the other hand, semiconductor lasers having large 

length of resonator, such as excitation lasers, are relatively 
small in resistance, but are large in operation current and 
consequently large in heat generation, Which causes satura 
tion of output. Therefore, further reduction in the resistivity is 
desired. It is effective to increase area through Which current 
can pass for reducing the resistivity. Thus, efforts have been 
made on reducing the resistivity by increasing Width of cur 
rent aperture or Width of active layer stripe. 

HoWever for the case of VCSEL, increase in the Width of 
current aperture generally reduces modulation bandWidth. It 
also leads to a multi-mode oscillation, Which is not suitable 
for communication With single-mode ?ber. Also for the case 
of edge-emitter-type laser, increase in the stripe Width of 
active layer may undesirably result in the multi-mode oscil 
lation. 

To solve the problem, a method for reducing the resistivity 
by using carrier (electron-hole) inversion With tunnel junction 
Was proposed. With the method, a most part of p-type semi 
conductor having high resistivity can be replaced With an 
n-type semiconductor. 

FolloWing current con?nement structures With the tunnel 
junction have ever been proposed. (1) a structure based on 
combination of the tunnel junction and oxide con?nement 
layer. The current con?nement layer is formed over the tunnel 
junction by selective oxidizing of aluminum-rich layer (see 
Non-Patent Document 1, for example), (2) a selective tunnel 
junction destruction method. A part of the tunnel junction is 
destructed by electrode-composing metal diffusion under 
annealing (see Non-Patent Document 2, for example), and (3) 
a buried tunnel junction structure. A part of the tunnel junc 
tion is removed by etching, and then buried in a semiconduc 
tor layer or the like (see Non-Patent Document 3, for 
example). 
Of these, the technique disclosed in Non-Patent Document 

3 is excellent in controllability and reproducibility as com 
pared With the other methods, because the current con?ne 
ment Width may be controlled relying upon accuracy in pho 
tolithography and etching. 
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2 
The structure is also successful in suppressing strain and 

defect to loWer levels as compared With the other methods, 
due to its semiconductor buried structure. Besides, optical 
con?nement can be small, Which leads to single mode oscil 
lation With a relatively large current aperture. 

[Non-Patent Document 1] Applied Physics Letters, vol. 71, 
p/3468 1997, J. J. Wierer et al. 

[Non-Patent Document 2] IPRM’99 TuB1-4, S. Sekiguchi 
et al. 

[Non-Patent Document 3] Laser Conf. 2000 ThC2, R. Shau 
et al. 

[Non-Patent Document 4] Jpn. J. Appl. Phys., Vol. 39, No. 
4A, pp. 1727-9 (2000), Ortsiefer et al. 

[Patent Document 1] US. Pat. No. 6,515,308 
[Patent Document 2] Japanese Laid-Open Patent Publica 

tion No. 2003-298187 

DISCLOSURE OF THE INVENTION 

The light emitting device With the buried tunnel junction 
structure has a problem in degradation of characteristics due 
to current leakage. The problem Will be explained beloW, 
referring to FIG. 12. A light emitting device 500 exempli?ed 
herein has an n-GaAs substrate 502, and an n-electrode (—) 
501 formed on the bottom surface. 
On the top surface of the substrate 502, there are stacked an 

n-type semiconductor DBR (Distributed Bragg Re?ector) 
503, an n-GaAs layer 504, an active layer 505, a p-GaAs layer 
506, a tunnel junction 507, an n-GaAs layer 508, an n-elec 
trode (+) 509, and a dielectric DBR 510. 

Each of the n-type semiconductor DBR 503 and the dielec 
tric DBR 510 is as shoWn in the draWing, composed of a 
plurality of layers. The n-electrode 509 has an opening in the 
center, and the dielectric DBR 510 is partially formed, Which 
close the opening. 
The tunnel junction 507 is partially formed on the surface 

of the active layer 505, after being removed unWanted portion 
and is buried in the layer 508 composed of a semiconductor. 
The light emitting device 500 is given in a form of buried 
tunnel junction structure, Wherein the tunnel junction 507 
con?nes current. 

In thus-con?gured light emitting device 500, possible leak 
age routes “a” to “c” are shoWn in FIG. 12. Route “a” is a route 
alloWing electrons to over?oW from a MQW (Multiple Quan 
tum Well) to go through the p-cladding layer to reach the 
tunnel junction, and then to enter the n-type layer. 

Route “b” is a route alloWing electrons from the underlying 
n-type layer to pass through the p-type layer to reach the 
upper n-type layer, in the part Where the tunnel junction is not 
formed. Route “c” is a route alloWing holes generated in the 
tunnel junction to diffuse, and to recombine With electrons in 
the part not contributive to laser oscillation. 
The route “c” may similarly occur also in the oxide con 

?nement structure only to cause a limited degree of in?uence, 
Whereas the routes “a” and “b” contribute largely as the leak 
age route. Our simulation further revealed that, in the con 
?guration shoWn in FIG. 12, the route “b” most largely con 
tributes to the leakage, as described later. 
The leakage through the route “b” is speci?c to the tunnel 

junction structure having both electrodes formed on the 
n-type semiconductor. It is indispensable to reduce the leak 
age for realiZing high e?iciency in the light emitting device 
having the tunnel junction structure. 

So far, in order to prevent leakage through the route “a”, a 
structure provided With an electron blocking layer composed 
of Mg-doped AlGaN has proposed (see Patent Document 1, 
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for example) This sort of electron blocking layer is often used 
also in the general edge-emitter-type LD (Laser Diode). 

Object and effects of the electron blocking layer are all the 
same, except for difference resides in that the over?oWed 
electrons in the edge-emitter-type device leak into the p-clad 
ding layer and recombine there With the holes, Whereas the 
electrons in the tunnel-junction-type device go through the 
p-cladding layer and the tunnel junction to reach the n-side. 

In the con?gurations described in the above literatures, the 
leakage through the route “b” is avoided by burying the tunnel 
junction using a dielectric such as SiO2 in place of semicon 
ductor. The con?guration, hoWever, has a too large optical 
con?nement factor due to large difference in refractive index 
betWeen the dielectric and the semiconductor, thereby single 
mode oscillation Will extremely be dif?cult. Another typical 
problem relates to loss of light, because inner diameter of the 
electrode is smaller than diameter of the tunnel junction as a 
structural matter of course, and a portion of light is re?ected 
by the electrode. 
On the other hand, there has been reported a structure of a 

1.55-um-band surface emitting laser using InAlAs, higher in 
the energy of the conduction band edge than the active layer, 
as the cladding layer (see Non-Patent Document 4, for 
example). 

Non-Patent Document 4 gives no description on object and 
effect of the above-described layer. It is also supposed that the 
layer is not intended to suppress the leakage of electrons in the 
p-type layer, because another InAlAs layer is provided simi 
larly on the n-side. HoWever, InAlAs on the p-side is sup 
posed to function as the electron blocking layer, and may be 
effective to suppress leakage through the route “a” and the 
route “b”. 

HoWever, because the layer contains aluminum, an alumi 
num-containing surface should be exposed When the tunnel 
junction is etched. The surface is highly susceptible to oxi 
dation, and the resultant oxide ?lm is very robust and hard to 
be removed by heating. The layer may, therefore, be causative 
of producing defects at the interface of re-groWth, in the later 
groWth process of burying. 

In the con?guration described in Non-Patent Document 4 
described in the above, the etching is stopped in midWay of 
the p-side of the tunnel junction. Therefore, it may not alWays 
be impossible to avoid the problem of oxidation, by forming 
the tunnel junction With an aluminum-free layer. 

The p-side of the tunnel junction, hoWever, needs high 
dopant concentration, and consequently has loW resistivity. 
Therefore, termination of the etching in midWay of the layer 
enhances lateral diffusion of holes, and increases the leakage 
through the route “c” shoWn in FIG. 12. In addition, an 
InAlAs layer provided also on the n-side in the con?guration 
described in Non-Patent Document 4 may even interfere 
injection of electrons. 

The present invention Was conceived after considering the 
above described subjects. It is to provide a light emitting 
device having a structure capable of reducing leakage current 
caused by the tunnel junction structure, and of preventing 
oxidation of the electron blocking layer in the process of 
manufacturing. 

According to the present invention, there is provided a ?rst 
light emitting device Which includes a tunnel junction having 
a p-type semiconductor an n-type semiconductor, and alloW 
ing electrons to pass from the p-type semiconductor to the 
n-type semiconductor under application of reverse bias volt 
age based on the tunneling effect, to thereby alloW current to 
How therethrough; an active layer; and an electron blocking 
layer positioned betWeen the tunnel junction and the active 
layer, Wherein the electron blocking layer has an energy of the 
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4 
conduction band edge higher than that of the active layer, and 
is composed of a material containing substantially no alumi 
num. 

According to the present invention, there is provided also a 
second light emitting device Which includes a tunnel junction 
having a p-type semiconductor an n-type semiconductor, and 
alloWing electrons to pass from the p-type semiconductor to 
the n-type semiconductor under application of reverse bias 
voltage based on the tunneling effect, to thereby alloW current 
to How therethrough; an active layer; and an electron blocking 
layer positioned betWeen the tunnel junction and the active 
layer, Wherein the electron blocking layer has an energy of the 
conduction band edge higher than that of the active layer, and 
is composed of a material containing aluminum, further 
includes a layer containing substantially no aluminum dis 
posed betWeen the electron blocking layer and the tunnel 
junction, and area of the tunnel junction is smaller than that of 
the electron blocking layer. 

Adoption of the above-described structures raises opera 
tions as described beloW. The operations of the present inven 
tion Will be explained based on the above-described second 
light emitting device of the present invention, referring to 
FIG. 3 to FIG. 5. A light emitting device 600 herein is a 
surface emitting laser, having an n-GaAs substrate 602, and 
an n-electrode (—) 601 formed on the bottom surface. 
On the top surface of the substrate 602, an n-type semicon 

ductor DBR 603, an n-GaAs layer 604, an active layer 605, a 
p-GaAs layer 606, an electron blocking layer 607 composed 
of a p-AlO_3GaO_7As layer, a p-GaAs layer 608, a tunnel junc 
tion 609, an n-GaAs layer 610, an n-electrode (+) 611, and a 
dielectric DBR 612, are stacked. 

Each of the n-type semiconductor DBR 603 and the dielec 
tric DBR 612 is, as shoWn in the draWing, composed of a 
plurality of layers. The n-electrode 611 has an opening in the 
center, and the dielectric DBR 612 is partially formed, Which 
closes the opening. 
The tunnel junction 609 is partially formed on the surface 

of the electron blocking layer 607, after being removed 
unWanted portion, While placing a layer 608 in betWeen, and 
is buried in the layer 610 composed of a semiconductor. 
Therefore, the light emitting device 600 is given in a form of 
buried tunnel junction structure, Wherein the tunnel junction 
609 takes part in current con?nement. 

In the device shoWn in FIG. 3, the p-AlO_3GaO_7As layer 607 
functions as the electron blocking layer. Results of calcula 
tion of carrier ?oW during laser oscillation are shoWn in FIG. 
4. FIG. 4 shoWs electron current density of blocking layer 607 
under variedAl compositions, observed along A-A' section in 
FIG. 3. 

Because this portion is a p-type semiconductor layer intrin 
sically having no electron current produced therein, the elec 
tron current therein directly means leakage current. Since the 
structure assumed herein has a rotation symmetry, FIG. 4 
shoWs only a portion along the radius from the center. The 
radius of the tunnel junction 609 in this structure is 2.5 pm. 

It is understood that the structure Without the electron 
blocking layer 607 causes the leakage through the route “a” 
and the leakage through the route “b”. Especially, the leakage 
through the route “b” is signi?cant. In contrast, it is under 
stood that the structure With the electron blocking layer 607, 
the leakage through both routes is suppressed. 

It is understood from the simulation that an aluminum 
compositional ratio of 0.1 or larger is effective in suppressing 
the electron leakage. A difference in energy (AEc) of the 
conduction band edge betWeen the electron blocking layer 
composed AlO_lGaO_9As layer and GaAs layer Which func 
tions as a barrier layer for the MQW-type active layer is 
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approximately 80 meV. Therefore, any materials other than 
AlGaAs may be effective enough as the electron blocking 
layer 607, so far as they have AEc larger than the above 
described value. 

For example, in the case Where an aluminum-free layer 
such as GaAsP is used as the electron blocking layer 607 as 
described in the above, the composition can be determined so 
as to adjust AEc to 80 meV or larger. 

It Was also made clear that the electron blocking layer 607 
needs a enough thickness to prevent electrons from tunneling, 
Which is speci?cally 10 nm or more. FIG. 5 shoWs measured 
optical output vs. current characteristics of an actually-manu 
factured light emitting device 600 With AlO_3GaO_7As layer as 
the above-described electron blocking layer 607, and a con 
ventional buried-tunnel-type light emitting device Without 
electron blocking layer shoWn in FIG. 12. 

The both are surface emitting lasers, and have the tunnel 
junctions as 6-p.m-diameter circular portions left by etching. 
The tunnel junctions adopted herein consist of InGaAs/ 
GaAsSb described in Japanese Laid-Open Patent Publication 
No. 2002-134835. It may be understood from the ?gure that 
the structure With the electron blocking layer 607 is consid 
erably improved in the e?iciency. 

The light emitting device of the present invention can sup 
press electron leakage from the n-type layer to the n-type 
layer through the p-type layer, by using the electron blocking 
layer. The electron blocking layer may consist of an alumi 
num-free layer. Alternatively, the electron blocking layer may 
consist of an aluminum-containing layer, Wherein exposure 
of aluminum to the surface may be suppressed by placing an 
aluminum-free layer betWeen the electron blocking layer and 
the tunnel junction, and by terminating the etching, for 
removing a part of the tunnel junction, inside the aluminum 
free layer. With these structure, defects anticipated in the 
process of groWth for burying may be suppressed, and thereby 
the desirable interface of re-groWth may be formed. As a 
consequence, the structure may be provided in good yield. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A schematic vertically-sectioned front elevation 
shoWing a stacked layer structure of a light emitting device 
according to a ?rst embodiment of the present invention. 

FIG. 2 A schematic perspective vieW of a light emitting 
device in the process of manufacturing. 

FIG. 3 A schematic vertically-sectioned front elevation 
shoWing a stacked structure of a light emitting device accord 
ing to a referential example of the present invention. 

FIG. 4 A characteristic curve shoWing current density of 
the electron in the blocking layer. 

FIG. 5 A characteristic curve shoWing leakage current of 
the structure With and Without the electron blocking layer. 

FIG. 6 A schematic vertically-sectioned front elevation 
shoWing a stacked structure of a light emitting device accord 
ing to a second embodiment of the present invention. 

FIG. 7 A schematic perspective vieW of a light emitting 
device in the process of manufacturing. 

FIG. 8 A schematic vertically-sectioned front elevation 
shoWing a stacked layer structure of a light emitting device 
according to a third embodiment of the present invention. 

FIG. 9 A schematic perspective vieW of a light emitting 
device in the process of manufacturing. 

FIG. 10 A schematic vertically-sectioned front elevation 
shoWing a stacked layer structure of a light emitting device 
according to a third embodiment of the present invention. 

FIG. 11 A schematic perspective vieW shoWing a light 
emitting device. 
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6 
FIG. 12 A schematic vertically-sectioned front elevation 

shoWing a stacked layer structure of a conventional light 
emitting device. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

Next, embodiments of the present invention Will be 
explained referring to the attached draWings. First, a light 
emitting device according to a ?rst embodiment of the present 
invention Will be explained referring to FIG. 1 and FIG. 2. An 
example shoWn herein is a surface emitting laser applied With 
the present invention, formed on a GaAs substrate and having 
an oscillation Wavelength of 1.3 um. 

First, as shoWn in FIG. 1(a), on an n-type GaAs substrate 
101, ?rst DBR layer 102 are groWn. The ?rst DBR layer 102 
consists of a plurality of DBRs (n-type semiconductor mirror 
layers) each of Which composed of a pair of an n-type GaAs 
layer and an n-type AlO_9GaO_1As layer as a basic unit, are 
groWn. Then, an n-type GaAs cladding layer 103, an active 
layer 104 composed of non-doped GaInNAs quantum Wells 
and a GaAs barrier layer, a p-type cladding GaAs layer 105, 
a p-GaAsO_25PO_75 layer 106 composing the electron 
blocking layer; a p+-InO_1GaO_9As layer 107, an 
n"-GaO_9InO_1NO_O2AsO_O98 layer 108, and an n-GaAs layer 109 
are sequentially groWn by metal organic chemical vapor 
deposition (MOCVD) process (?rst step). 
A p-type dopant of the layer 107 used herein Was C, an 

n-type dopant of the layer 108 used herein Was Se, Wherein 
p-doping concentration Was adjusted to 8~10l9 cm_3, and 
n-doping concentration Was adjusted to 5~10l9 cm'3 . Thick 
ness of each layer Was adjusted to 5 nm for the layer 107, and 
10 nm for the layer 108. Thickness ofthe layer 106 is 20 nm, 
and thickness of the other layers is determined so that optical 
path length from the layer 103 to the layer 107 may be 
approximately 5/4 of the oscillation Wavelength. 

Next, circular resist masks each having a diameter of 
approximately 6 um are formed by a photolithographic tech 
nique, and the layer 107 to the layer 109 are removed by 
etching. The photoresists are then removed (second step). 

Next, again using the MOCVD process, an n-GaAs layer 
110, and a second DBR layer 111 are groWn. The second DBR 
layer 111 consists of, a plurality of DBRs (n-type semicon 
ductor mirror layers) each of Which composed of a pair of an 
n-typeAlO_9GaO_ lAs layer and an n-type GaAs layer as a basic 
unit. (third step). 

In each of the DBR layers, thickness of each of high 
refractive-index GaAs layers and loW-refractive-index 
AlO_9GaO_lAs layers is adjusted so that each of these media 
Will have the optical path length of as long as approximately 
1A of the oscillation Wavelength. In the light emitting device 
of this embodiment, the DBR layers 102, 111 function as 
re?ecting mirrors, and the layers from the layer 103 to the 
layer 110 functions as a resonator. 

Next, a dielectric ?lm is deposited on the second DBR 
layer 111, a resist is coated thereon, and circular resist masks 
are formed by a photolithographic technique so as to make the 
center of the resist coincide With the axial centers of the 
6-p.m-diameter buried tunnel junction formed in the second 
step. 

After the dielectric ?lm is etched by dry etching, the resist 
is removed to thereby form circular dielectric masks. Next, 
dry etching is proceeded until the surface of the ?rst DBR 
layer 102 exposes as shoWn in FIG. 2(a), to thereby form 
cylindrical structural bodies 112 having a diameter of 
approximately 20 um (fourth step). The dielectric masks are 
then removed. 
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Next, on the ?rst DBR exposed by the above-described 
mesa etching, an electrode is formed. First, a photoresist is 
coated over the entire surface, and then removed by lithogra 
phy only in the portion Where the electrode Will be formed 
later. After AuGe/AuNi is deposited by vacuum evaporation, 
the photoresist is removed by the lift-off process, so as to form 
the electrode 113 on the portion of the ?rst DBR (?fth step). 

Next, the mesas are buried by a polyimide 114 as shoWn in 
FIG. 2(b), and the polyimide 114 is then removed by lithog 
raphy in the portion over the electrode 113 formed in the ?fth 
step (sixth step). 

Next, electrodes are formed. First, a photoresist is coated, 
patterned by light exposure through a mask. Then AuGe/ 
AuNi is deposited by vacuum evaporation, and the photore 
sist is removed by the lift-off process, so as to form an elec 
trode 115 and a pad electrode 116 connected, as shoWn in 
FIG. 2(b). 
At the same time, a pad electrode 117 is formed on the 

polyimide, as being connected With the electrode 113 formed 
on the ?rst DBR in the above-described ?fth step (seventh 
step). The VCSELs thus manufactured on the GaAs substrate 
may be available as being diced one by one, or diced to 
produce a desired array (1~10 devices, 100~100 devices, for 
example). 

In the VCSEL obtained by the steps of manufacturing 
described in the above, the p+-InO_1GaO_9As layer 107 and the 
n"-GaO_9InO_1NO_O2AsO_O98 layer 108 con?gure the tunnel 
junction. The layers 107, 108 composing the tunnel junction 
are removed in the second step except the circular portions 
With a diameter of approximately 6 um, and the portions 
Where the tunnel junction Was removed has only an extremely 
small tunneling probability. Therefore, the tunnel current 
?oW only in the circular portions. 

Moreover, since refractive indices of these layers are larger 
than that of the GaAs layer, the circular portions have also a 
light guiding effect. The layers 107, 108 are highly doped to 
increase tunneling probability. 

These layers, therefore, have larger light absorption coef 
?cients than those of the other layers. The light absorption is 
suppressed by placing these layers around the nodes of a 
standing Wave Which generates during VCSEL oscillation. 
The layer 106 exposes to the surface as a result of etching 

of the layers 107, 108 excluding portions in the second step. 
HoWever only very thin oxide layer is formed because the 
GaAsO_25PO_75 layer 106 contains no aluminum, and it may 
readily be removed in the process of temperature elevation 
before the re-groWth in the third step. 

Energy of the conduction band edge of the GaAsO_25PO_75 
layer 106 in this con?guration is higher by approximately 120 
meV than that of the GaAs layer Which composes a barrier 
layer of the active layer 104, so leakage of electrons from the 
layer 103 to the layer 110 can be suf?ciently suppressed. As a 
consequence, current ?oWs through the layers 107, 108 
approximately 6 pm in diameter, and e?iciently contributes to 
laser oscillation, so excellent characteristics including loW 
threshold current and high ef?ciency can be realiZed. 

Next, a con?guration of the light emitting device according 
to a second embodiment of the present invention Will be 
explained, referring to FIG. 6 and FIG. 7. An example 
explained herein is such as applying the present invention to 
a surface emitting laser having an oscillation Wavelength of 
1.15 pm, formed on a GaAs substrate. 

First, as shoWn in FIG. 6(a), on an n-type GaAs substrate 
201, ?rst DBR layer 202 are groWn. The ?rst DBR layer 202 
consists of a plurality of DBRs (n-type semiconductor mirror 
layers) each of Which composed of a pair of an n-type GaAs 
layer and an n-type AlO_9GaO_ lAs layer as a basic unit. Then a 
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8 
layer for oxidiZation 203 composed of n-type AlxGal_xAs 
(Where, 0.9<x<1), an n-type GaAs cladding layer 204, an 
active layer 205 composed of non-doped InO_35GaO_65As 
quantum Wells and a GaAs barrier layer, a p-GaAs cladding 
layer 206, a p-AlO_3GaO_7As layer 207, a p-GaAs layer 208, a 
p"-GaAsO_9SbO_l layer 209; and an n+-InO_15GaO_85As layer 
210 are sequentially groWn by metalorganic chemical vapor 
deposition (MOCVD) process (?rst step). 
A p-type dopant of the layer 209 used herein Was C, an 

n-type dopant of the layer 210 used herein Was Si, Wherein 
p-doping concentration Was adjusted to 1~102O cm_3, and 
n-doping concentration Was adjusted to 2~10l9 cm_3. Thick 
ness of the individual layers Was adjusted to 5 nm for the layer 
209, and 10 nm for the layer 210. Thickness of each of the 
layers 207, 208 is 40 nm and 20 nm, respectively, and thick 
ness of each of any other layers is determined so that optical 
path length from the layer 204 to the layer 209 may be 
approximately 5/4 of the oscillation Wavelength. 

Next, a circular resist mask having a diameter of approxi 
mately 8 um is formed by a photolithographic technique, and 
0 ion is implanted (second step). As a consequence, the 
resistivity of portions (211), Where the rest Was removed, 
increased. 
The resist is then removed, and a 4-um-diameter circular 

resist mask is neWly formed. The resist mask is formed so as 
to make its center coincide With the center of the 8-um 
diameter region remained unimplanted With ion in the second 
step. 

Next, the layers 209, 210 are removed by etching, and the 
photoresist is then removed (third step). In this process, the 
etching time is adjusted so as to terminate the etching inside 
the layer 208. 

Next, again by using the MOCVD process, an n-GaAs 
layer 212, and a second DBR layer 213 are sequentially 
groWn. The second DBR layer 213 consists of a plurality of 
DBRs (non-doped semiconductor mirror layers) each of 
Which composed of a pair of a non-doped GaAs layer and an 
AlO_9GaO_lAs layer (fourth step). In each DBR layer, the 
thickness of each of the high-refractive-index GaAs layer and 
the loW-refractive-index AlO_9GaO_lAs layer is determined so 
that each of these media Will have the optical path length of as 
long as approximately 1A of the oscillation Wavelength. 

Next, a circular dielectric mask having a diameter of 10 pm 
is formed so as to make the axial center coincide With that of 
the circular buried tunnel junction formed in the third step, 
and the second DBR layer 213 is then processed by dry 
etching until the surface of the n-GaAs layer 212 exposes 
(?fth step). 

In this Way, a cylindrical structural body 214 having a 
diameter of 10 pm is formed. Next a ring electrode 215 
composed of AuGeNi is formed on the portion of the n-GaAs 
layer 212 exposed around the cylindrical structural body 214 
(sixth step). 

Next, a circular dielectric mask having a diameter of 30 pm 
is formed so as to make the axial center coincide With that of 
the cylindrical structural body 214 formed in the ?fth step, 
and a cylindrical structural body 216 having a diameter of 
approximately 30 pm is formed by dry etching so as to reach 
a certain depth in the ?rst DBR layer 202 as shoWn in FIG. 
7(a) (seventh step). 
By this step, the side surface of the layer for oxidiZation 

203 are exposed. Then, the photoresist is removed. Next, 
oxidiZation process is carried out in a fumace With a steam 
atmosphere at a temperature of approximately 4200 C. for 
approximately 10 minutes (eighth step). 
By this process, only the layer for oxidiZation 203 is simul 

taneously oxidiZed selectively in an annular region. Condi 
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tions for the oxidationis adjusted so that the center portion, 
having a diameter of approximately 5 pm, of the layer for 
oxidiZation 203 remains unoxidiZed. The reason Why “x” 
herein Was adjusted to a value larger than 0.9 is that the value 
of 0.9 or smaller may hardly proceed the oxidation, and that 
the oxidation speed may necessarily be set faster than that for 
the DBR portion. 

Next, an electrode is formed on the ?rst DBR layer 202 
exposed in the seventh step. First, a photoresist is coated over 
the entire surface, and then removed by a lithographic tech 
nique only in a portion Where the electrode Will be formed 
later. AuGe/AuNi is then deposited by vacuum evaporation, 
and the photoresist is removed by the lift-off process, so as to 
form an electrode 217 partially on the ?rst DBR layer 202 
(ninth step). 

Next, the mesa is buried by a polyimide 218 as shoWn in 
FIG. 7(b), and the polyimide 218 is then removed by lithog 
raphy in the portions over the cylindrical structural body 216 
formed in the seventh step and over the electrode 217 formed 
in the eighth step (tenth step). 

Next, pad electrodes 219, 220 are formed on the polyimide 
218. These pad electrodes are respectively connected to the 
ring electrode 215 formed in the sixth step, and electrode 217 
on the ?rst DBR, formed in the eighth step (eleventh step). 
The VCSELs thus manufactured on the GaAs substrate may 
be available as being diced one by one, or diced to produce a 
desired array (1~10 devices, 100~100 devices, for example). 

In this embodiment, the p+-GaAsO_9SbO_ 1 layer 209 and the 
n+-lnO_15GaO_85As layer 210 con?gure the tunnel junction. 
The layers 209, 210 composing the tunnel junction are 
removed in the third step except circular portions With a 
diameter of approximately 4 um. The portions Where the 
tunnel junction Was removed have only an extremely small 
tunneling probability. Therefore, the tunnel current ?oWs 
only in the circular portions. 

Moreover, since these layers have refractive indices larger 
than that of the GaAs layer, the circular portion has also a light 
guiding effect. The layers 209, 210 are highly doped to 
increase tunneling probability. 

These layers, therefore, have larger light absorption coef 
?cients than those of the other layers. The light absorption is 
suppressed by placing these layers around the nodes of a 
standing Wave Which generates during VCSEL oscillation. 
The layers 209, 210 are etched excluding a part in the third 

step as described in the above, Wherein the etching time is 
controlled so as to terminate the etching inside the layer 208. 
Because this layer contains no aluminum, the surface oxide 
?lm is extremely thin, and may readily be removed in the 
process of temperature elevation before the re-groWth in the 
third step. 

Energy of the conduction band edge of the p-AlO_3GaO_7As 
layer 207 in this con?guration is higher by approximately 240 
meV than that of the GaAs layer provided as a barrier layer of 
the active layer 205. Thus, the leakage of electrons from the 
layer 204 to the layer 212 can be suf?ciently suppressed. As a 
consequence, current ?oWs through the layers 209, 210 
approximately 4 pm in diameter, and effectively contributes 
to laser oscillation so as to realiZe excellent characteristics 
including loW threshold current and high ef?ciency. 
By the Way, elevation in resistivity of the surrounding part 

of the active layer by ion implantation of H, O and so forth in 
the second step, and lateral oxidation of the AlGaAs layer in 
the eighth step are often adopted for the purpose of current 
con?nement. HoWever, the current con?nement in this 
embodiment is realiZed by tunnel junction similarly to as in 
the ?rst embodiment and the ion implantation and the oxide 
layer does not play a role of current con?nement. 
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The ion implantation is adopted for the purpose of reducing 

electric capacitance of the surrounding part of the tunnel 
junction in the cylindrical structural body 216. By this con 
?guration, the upper limit of modulation band, determined by 
resistivity and capacitance of the device, may be raised, 
thereby ultra-high-speed modulation is possible With this 
structure. The oxide layer is adopted for the purpose of con 
trolling optical con?nement in the lateral direction, Wherein 
the optical con?nement can be adjustable by controlling the 
aperture of the oxide layer. 

Next, a con?guration of the light emitting device according 
to a third embodiment of the present invention Will be 
explained, referring to FIG. 8 and FIG. 9. An example 
explained herein is such as applying the present invention to 
a surface emitting laser having an oscillation Wavelength of 
1.3 pm, formed on an lnP substrate. 

First, as shoWn in FIG. 8(a), on the n-type lnP substrate 
301, a ?rst DBR layer 302 are groWn. The ?rst DBR layer 302 
consists of a plurality of DBRs (n-type semiconductor mirror 
layers) each of Which composed of a pair of an n-type lnP 
layer and an n-type AlGalnAs layer matched in lattice With 
lnP as a basic unit. Then, an active layer 304 composed of a 
non-doped AlO_15GaO_l5lnO_7As quantum Wells and an 
AlO_34GaO_22lnO_44As barrier layer, a p-type lnP-cladding 
layer 305, a p-lnO_52AlO_48AS layer 306, a p-lnP layer 307, a 
p+-AlO_27GaO_2OlnO_53As layer 308, an n"-lnO_76GaO_24 
Aso_5 lPO_49 layer 309, and an n-lnP layer 310 are sequentially 
groWn by the metal organic chemical vapordeposition 
(MOCVD) process (?rst step). 
A p-type dopant of the layer 308 used herein Was C, an 

n-type dopant of the layer 309 used herein Was Si, Wherein 
doping concentration Was adjusted to 7~l019 cm'3 for the 
layer 308, and to 1.5~10l9 cm-3 for the layer 309. Thickness 
of each layer Was adjusted to 5 nm for the layer 308, and 15 
nm for the layer 309. Thickness of the layer 306 is 30 nm, 
Wherein thickness of each of any other layers is determined so 
that optical path length from the layer 303 to the layer 308 
may be approximately 5/4 of the oscillation Wavelength. 

Next, a circular resist mask having a diameter of approxi 
mately 6 um is formed by a photolithographic technique, and 
the layer 308 to the layer 310 are removed. The photoresist is 
removed thereafter (second step). The etching time is con 
trolled so as to terminate the etching inside the layer 307. 

Next, an n-type lnP layer 311 is stacked again by the 
MOCVD process (third step). Thickness of the layer 311 is 
adjusted so that the optical path length may be is 5/4 of the 
oscillation Wavelength. Then, a second DBR layer 312 is 
formed on the Wafer by sputtering. It consists of a plurality of 
DBRs (n-type semiconductor mirror layers) each of Which 
composed ofa pair ofSiO2 and amorphous Si (a-Si) as a basic 
unit. 

Thickness of each of the SiO2 layer and the a-Si layer is 
determined so that each of these media Will have the optical 
path length of as long as approximately 1/4 of the oscillation 
Wavelength. Next, by photolithography and etching, the sec 
ond DBR layer 312 is removed While leaving a circular por 
tion of approximately 10 pm in diameter coaxially on the 
circular tunnel junction formed in the second step. 

Next, as shoWn in FIG. 9(a), a cylindrical structural body 
313 having a diameter of approximately 30 um, reaching the 
surface of the ?rst DBR layer 302, is formed by the proce 
dures similar to those described in the ?rst embodiment 
(fourth step). Next, an electrode is formed on the ?rst DBR 
exposed by the above-described mesa etching. 

First, a photoresist is coated on the entire surface, and then 
removed by lithography only in the portion Where the elec 
trode Will be formed later. AuGe/AuNi is then deposited by 
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vacuum evaporation, and the photoresist is removed by the 
lift-off process, so as to form an electrode 314 partially on the 

?rst DBR layer (?fth step). 
Next, as shoWn in FIG. 9(b), the mesa is buried by a 

polyimide 315, and the polyimide 315 on the electrode is then 
removed by lithography (sixth step). Next, electrodes are 
formed. 

First, a photoresist is coated (not shoWn), patterned by light 
exposure through a mask, AuGe/AuNi is deposited by 
vacuum evaporation, and the photoresist is removed by the 
lift-off process, so as to form a ring electrode 316 and a pad 
electrode 317 connected, as shoWn in FIG. 9(b). 

In this process, also an electrode pad 318 is formed at the 
same time on the polyimide 315, as being connected With the 
electrode 314 on the ?rst DBR formed in the ?fth step (sev 
enth step). The VCSELs thus manufactured on the InP sub 
strate may be available as being diced one by one, or diced to 
produce a desired array (l~l0 devices, l00~l00 devices, for 
example). 

In the VCSEL obtained by the above-described method of 
manufacturing, the p+-AlO_27GaO_2OInO_53As layer 308 and the 
n"-In0_76GaO_24AsO_51P049 layer 309 con?gure the tunnel 
junction. These layers are removed in the second step except 
the circular portions having a diameter of approximately 6 
pm, and such circular portions exhibit current con?nement 
effect and light guiding effect. 

Similarly to as in the ?rst and second embodiments, the 
light absorption is suppressed, by placing the tunnel junction 
around the nodes of a standing Wave Which generates during 
VCSEL oscillation. The layers 308, 309 are etched excluding 
a part in the second step as described in the above, Wherein the 
etching time is controlled so as to terminate the etching inside 
the layer 307. 

Because this layer contains no aluminum, the surface oxide 
?lm is extremely thin, and may readily be removed in the 
process of temperature elevation before the re-groWth in the 
third step. It should be noted that, in this embodiment, the 
p+-AlO_27GaO_2OInO_53As layer 308 contains aluminum, and 
the side surface of it are exposed and then oxidiZed in the 
process of the etching in the second step. HoWever, the layer 
are extremely thin as 5 nm, and, oxidiZed are is very small as 
compared With the case Where the bottom surface of etching 
is exposed. Thus the in?uence is also very small. 

Also in this con?guration, similarly to as in the ?rst and 
second embodiments, the p-InO_52AlO_48As layer 306 func 
tions as an electron blocking layer, and leakage of electrons 
from the layer 303 to the layer 311 may suf?ciently be sup 
pressed. As a consequence, current ?oWs through the layers 
308, 309 having a diameter of approximately 6 pm, and 
effectively contributes to laser oscillation so as to realiZe 
excellent characteristics including loW threshold current and 
high e?iciency. 

Next, a con?guration of the light emitting device according 
to a fourth embodiment of the present invention Will be 
explained, referring to FIG. 10 and FIG. 11. An example 
explained herein is such as applying the present invention to 
an edge emitting laser having an oscillation Wavelength of l .3 
pm, formed on an InP substrate. 

First, on an n-InP substrate 401, an n-InP ?rst cladding 
layer 402; an InO_8GaO_2AsO_43PO_57-SCH layer 403; an active 
layer 404 composed of non-doped InO_8GaO_2AsO_64PO_36 
quantum Wells and an InO_8GaO_2AsO_43PO_57 barrier layer; an 
InO_8GaO_2AsO_43PO_57-SCH layer 405; a p-InP cladding layer 
406; a p-InO_2GaO_8P layer 407; a p-InP layer 408; a 
p"-GaAsO_8SbO_2 layer 409; an n"-InO_76GaO_24AsO_51P049 
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layer 410, and an n-InP layer 411 are sequentially groWn by 
the metal organic chemical vapor deposition (MOCVD) pro 
cess (?rst step). 
A p-type dopant of the layer 409 used herein Was C, an 

n-type dopant of the layer 410 used herein Was S, Wherein 
doping concentration Was adjusted to l.5~l02O cm'3 for the 
layer 409, and to 5~l0l9 cm-3 for the layer 410. As for thick 
ness of the individual layers, the layer 409 Was adjusted to 4 
nm, and the layer 410 Was adjusted to 10 nm. Thickness of the 
layer 407 Was 10 nm. 

Next, a SiO2 ?lm is formed on this Wafer by thermal CVD, 
a stripe-pattemed mask of 2 pm Wide is formed thereon by a 
photolithographic technique, and the layer 409 to the layer 
411 are removed by etching (second step). 

Thereafter, again by the MOCVD process, an n-InP second 
cladding layer 412 and an n-InGaAs contact layer 413 are 
groWn by the MOCVD process (third step). 
As shoWn in FIG. 11, on the epitaxial Wafer, tWo trenches 

414 With a depth of 4 to 5 pm and 15 um pitch are formed 
While placing the active layer centered therebetWeen, for the 
purpose of electrical isolation (fourth step). 
A SiO2 ?lm 415 of 0.4 pm thick is formed thereon by 

thermal CVD, and an opening of 20 um Wide is formed in the 
SiO2 ?lm over the active layer by photolithography and etch 
ing. Next, AuGeNi alloy, Ti (50 nm) and Au (400 nm) are 
deposited by vacuum evaporation, the metal ?lms are then 
removed by photolithography and ion milling in the region 
Where the devices are physically isolated later. With these 
processes, a surface electrode 416 is formed. (?fth step) 

Next, the Wafer is lapped from the n-InP substrate side until 
the Wafer is thinned to 100 pm in order to facilitate cleavage, 
and AuGeNi alloy, Ti (50 nm) and Au (400 nm) are deposited 
on the back surface, to thereby form a back electrode 417. The 
processed Wafer is cleaved, then formed a loW-re?ecting coat 
ing on one surface and a high-re?ecting coating on the other 
surface, and diced one by one to complete the laser (sixth 
step). 

In the edge emitting laser obtained by the above-described 
fabrication process, the p"-GaAsO_8SbO_2 layer 409 and the 
n"-InO_76GaO_24AsO_5 lPO_49 layer 410 form the tunnel junction, 
and the p-InO_2GaO_8P layer 407 functions as the electron 
blocking layer. 
The layer 409 to the layer 411 are removed in the third step 

except the stripe portions of 2 um, but no problem of oxida 
tion occurred since all the layers used in this embodiment 
contain no aluminum and therefore. 

Comparing noW the laser structure of this embodiment 
With a conventional laser structure con?guring the entire por 
tion above the active layer using p-type semiconductors, the 
con?guration of this embodiment can replace most part of the 
p-cladding layer above the active layer With n-cladding layers 
Which are loWer in resistivity than the p-type semiconductors. 
Thus the resistivity as a Whole can be reduced even taking 
resistivity ascribable to the tunnel junction into consideration. 

In addition, the portions other than the tunnel junction have 
extremely small probability of tunneling, and hardly alloW 
current to How. Leakage current may therefore be suppressed 
as compared With the conventional structure. Although the 
tunnel junction shoWs large absorption of light due to its large 
doping concentration, absorption of light by the cladding 
layers may be loWered than in the conventional structure 
because n-type semiconductor shoWs smaller absorption of 
light than p-type semiconductor. 

Although only four embodiments of the present invention 
have been described, modes of embodiment of the present 




